Citrus fruits have been used as edible fruit and traditional medicine for various diseases such as cancer. In the courses of our study to find antimutagens, we have found that the ethanolic extract of the peel of Citrus unshiu Marc showed antimutagenic effects against several mutagens in the Ames test using Salmonella typhimurium TA98 strain. Three polymethoxy flavonoids, nobiletin, 3,5,6,7,8,3',4'-heptamethoxyflavone, and tangeretin, were identified in the extract as major constituents. These three polymethoxy flavonoids showed antimutagenic effects in the Ames test in vitro and in the micronucleus test in vivo.
Citrus unshiu Marc., known as cold hardy mandarin, satsuma mandarin, satsuma orange, Christmas orange, and tangerine [1a] , is cultivated in the southern regions of Japan and China. In addition, its peel has been traditionally used in East Asia as a drug for the treatment of vomiting and dyspepsia. Reports about the peel show anti-inflammation [1b], hepatoprotective, neuroprotective [2a] , and anti-microbial activities [2b] .
Polymethoxy flavonoids such as nobiletin (1), 3, 5, 6, 7, 8, 3', 4'heptamethoxyflavone (HMF, 2) , and tangeretin (3) are known as the major constituents of Kaempferia parviflora and Citrus plants.
Recent study showed that nobiletin (1) has chemopreventive effects against colon carcinogenesis, partly through regulation of leptin levels [3a] . The antimutagenic effects of nobiletin (1) were reported against the mutagens 3-amino-1,4-dimethyl-5H-pyrido [4,3-b] indole (Trp-P-1) [3b], 3,4-dimethyl-3H-imidazo[4,5-f]quinolin-2-amine (MeIQ) [4a] and benzo[a]pyrene (BaP) [4b] in vitro and against 4-(methyl-nitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in vivo.
In the course of our study to find antimutagens, we found antimutagenic effects of the EtOH extract of C. unshiu in the Salmonella typhimurium mutagenicity assay against several mutagens. This short-term assay, namely the Ames test, has been extensively used to survey a great variety of environmental substances for mutagenic activity. In this study we evaluated the antimutagenic effects of the ethanolic extract of C. unshiu, nobiletin (1), HMF (2), and tangeretin (3) in the Ames test in vitro and the micronucleus test in vivo.
The EtOH extract of C. unshiu was partitioned into an EtOAc-MeOH-H 2 O (13:3:16, v/v/v) mixture to give an organic layer and an aqueous layer. The antimutagenic effects of the EtOH extract, the organic layer, and H 2 O layer against 1-nitropyrene (1-NP), 2-amino-1-methyl- 6-phenylimidazo[4,5-b] pyridine (PhIP), Trp-P-1, 3-amino-1-methyl-5H-pyrido [4,3-b] indole (Trp-P-2), and BaP, were evaluated by the Ames test using S. typhimurium TA98 strain. 1-NP and BaP are representative environmental mutagens/carcinogens produced by internal combustion engines, such as diesel engines and emitted into the air. PhIP, Trp-P-1, and Trp-P-2 are mutagenic/carcinogenic heterocyclic amines formed by cooking meat. The EtOH extract showed antimutagenic effects against 1-NP, PhIP, Trp-P-1, and Trp-P-2 (Table 1 ). The organic layer showed antimutagenic effects at lower concentrations [IC 50 against1-NP: 0.32 mg/plate, against PhIP: 0.02 mg/plate, against Trp-P-1: 0.02 mg/plate, against Trp-P-2: 0.08 mg/plate] than that of the H 2 O layer [IC 50 against PhIP: 0.21 mg/plate, against Trp-P-1: 0.42 mg/plate, against Trp-P-2: 1.97 mg/plate]. This result suggests that the active constituents were concentrated in the organic layer. On the other hand, the extract did not show an antimutagenic effect against BaP at 0.5 mg/plate. Because polymethoxy flavonoids are reported to be major constituents of Citrus plants, we analyzed the EtOH extract of peels of C. unshiu by UV-HPLC to examine whether polymethoxy flavonoids existed in the extract. Peaks of polymethoxy flavonoids 1-3 were identified in the extract by comparing retention times and UV spectra. The amounts of 1-3 in 1 g of EtOH extract from peels of C. unshiu were as follows: nobiletin (1), 2.64 mg; HMF (2), 7.90 mg; and tangeretin (3), 2.42 mg.
To clarify the antimutagenic effects of nobiletin (1), HMF (2), and tangeretin (3), their antimutagenic activities against 1-NP, PhIP, Trp-P-1, and Trp-P-2 were examined by the Ames test using S. typhimurium TA98 strain. Compounds 1-3 showed antimutagenic effects against PhIP, Trp-P-1, and Trp-P-2 (1 [IC 50 against PhIP: 15.1 nmol/plate; against Trp-P-1: 37.0 nmol /plate, against Trp-P-2: 63.2 nmol /plate], 2 [IC 50 against PhIP: 12.7 nmol/plate; against Trp-P-1: 22.4 nmol /plate, against Trp-P-2: 92.3 nmol /plate], and 3 [IC 50 against PhIP: 2.9 nmol/plate; against Trp-P-1: 2.6 mol /plate, against Trp-P-2: 28.8 nmol /plate]) ( Table 2) . Among the tested samples, tangeretin (3) showed antimutagenic effects at the lowest concentration against PhIP, Trp-P-1, and Trp-P-2. On the other hand, 1-3 did not show significant antimutagenic effects against 1-NP and BaP. The IC 50 value of 1 against Trp-P-1 in this report was identical to that reported [IC 50 : between 30 and 60 nmol/plate] [3b].
To examine antimutagenic effects of extract of C. unshiu, and polymethoxy flavonoids 1-3 in vivo, we conducted a micronucleus NPC Natural Product Communications 2017 Vol. 12 No. 1 23 -26 test using peripheral blood of male ICR mice. The micronucleus test is a test to detect chromosomal damage induced by genotoxic/ carcinogenic compounds, and has been used to evaluate the antimutagenic agents in vivo [3b] . In this study, we evaluate the in vivo antimutagenic effects of the EtOH extract of C. unshiu and polymethoxy flavonoids against PhIP and mitomycin C (MMC). We gave normal feed or sample feed that included the EtOH extract or polymethoxy flavonoids 1-3 at low or high dose (5% or 10% for the EtOH extract, and 0.01% or 0.02% for polymethoxy flavonoids). Mouse tail vein blood (5 μL) was taken prior to administration of either PhIP or MMC and after the administration (24, 48 and 72 hours).
In the micronucleus test, the EtOH extract of C. unshiu significantly decreased the frequency of micronucleated reticulocytes (MNRTs) treated with PhIP and MMC at 24 and 48 hours after the administration (Figures 2 and 3) . The antimutagenic effects of the extract of C. unshiu were dose-dependently increased at 5% an 10%. The foods containing 0.02% nobiletin (1) produced inhibition significantly at 24 h and 48 hours after administration (Figure 4 ). The feed containing HMF (2) at 0.01 and 0.02% showed significant inhibition at 24 and 48 hours after administration ( Figure 5 ), whereas the feed containing tangeretin (3) at 0.01 and 0.02% showed significant inhibition at 48 hours after administration ( Figure 6 ). Polymethoxy flavonoids are known inhibitors of cytochrome P450 CYP1 enzymes [5] . Among the cytochrome P450s, CYP1A2 is mainly involved in the bioactivation of heterocyclic amines such as PhIP and Trp-P-1 [6] . Therefore, antimutagenic effects of polymethoxy flavonoids against heterocyclic amines found in vitro and in vivo tests in this research were mainly induced by inhibitory effects of CYP1A2. On the other hand, MMC has been recognized as a classical DNA damaging agent, on account of its monofunctional and bifunctional DNA alkylating activity [7] . The antimutagenic effects of the EtOH extract of C. unshiu against MMC in the micronucleus test may be caused by inhibition of the alkylating activity.
In conclusion, the antimutagenic effects of C. unshiu extract were evaluated by the Ames test in vitro. The inhibitory effects of polymethoxy flavonoids against chromosomal damage induced by genotoxic/carcinogenic compounds were also evaluated by the micronucleus test in vivo. We identified the polymethoxy flavonoids 1-3 in the extract of peels of C. unshiu. These compounds also showed antimutagenic effects in vitro and in vivo. A previous report described nobiletin (2) as having an inhibitory effect on PhIPinduced colon carcinogenesis in F344 rats [8a] . In this paper, we report for the first time that the polymethoxy flavonoids 1-3 show antimutagenic effects against PhIP in an in vivo micronucleus test. These results suggest that the peels of C. unshiu and polymethoxy flavonoids have a potential to prevent cancer produced by several mutagens.
Experimental
General: For HPLC, a Shimadzu SPD-M10Avp was used with UV-VIS detectors (Kyoto, Japan). Nobiletin and HMF were purchased from Wako Pure Chemical Industries (Osaka, Japan), and tangeretin from INDOFINE Chemical Company. Trp-P-1 (CAS no. 62450-06-0), Trp-P-2, PhIP, and BaP were purchased from Wako Pure Chemical Industries, 1-NP from Sigma-Aldrich (St. Louis, MO, USA), phenobarbital sodium salt from Tokyo Chemical Industry Co (Tokyo, Japan) and β-naphthoflavone from Nacalai Tesqu.
Animals:
Male SD rats (7 weeks old, 200 g) and male ICR mice (7 weeks old, 32-34 g) were purchased from Japan SLC (Shizuoka, Japan). The experiments were conducted according to the "Guidelines for Animal Experiments in the Kyoto Pharmaceutical University".
Extraction and partition: The EtOH extract from 1 g of C. unshiu peel was partitioned into a EtOAc-MeOH-H 2 O (13:3:16, v/v/v) mixture to give organic (167.7 mg) and aqueous layers (766.9 mg).
Identification and quantitative analysis of polymethoxy flavonoids:
Quantitative analysis was carried out by the absolute calibration curve method. The separation was performed on a COSMOSIL 5C18-MS-(250×4.6 mm) column (Nacalai Tesqu, Kyoto, Japan). The mobile phase consisted of 0.1% formic acidwater/acetonitrile (6:4, v /v) at a flow rate of 0.7 mL/min. The injection volume, column temperature and UV detection wavelength were set at 2 µL, 40°C and 210, 450 nm. Identification of each polymethoxy flavonoid in the test solution was compared with the retention time and UV-visible absorption spectrum of a standard.
In vitro antimutagenic assay: Mutagenicity was examined by the preincubation method [8b] using Salmonella typhimurium TA98 with and without S9 mix. The S9 mix (0.5 mL) contained 0.025 mL of S9. The S9 was prepared from the liver of male Sprague-Dawley rats treated with phenobarbital sodium salt and β-naphthoflavone. Dimethyl sulfoxide (DMSO) was used as a negative control. 1-NP (5 µg), PhIP (1 µg), Trp-P-1 (0.04 µg), Trp-P-2 (0.01 µg), and BaP (2.5 µg) were used as positive controls. The antimutagenic effect was examined of several doses of C. unshiu extract, and the organic and H 2 O layers of the extract. Antimutagenicity was evaluated by the reduction of revertant colonies induced by a mutagen in the presence of samples. The IC 50 was calculated from the dose responses of the samples. Mutagenicity of 1-NP was examined without S9 mix and that of PhIP, Trp-P-1 and Trp-P-2 with it.
In vivo micronucleus assay:
The micronucleus test was carried out according to the method published previously [9] . Micronucleus induction was examined with 5 ICR mice per dose. During the period of taming and experiment, the animals were provided with food (CE-2 pel-let diet; CLEA Japan, Inc., Tokyo, Japan) and tap water ad libitum. PhIP (50 mg/kg bw) and MMC (1 mg/kg bw) were administered as the positive control group. The feed containing a test sample was ingested from 2 days before the experiment. C. unshiu EtOH extract (5% or 10%, w/w) containing feed, nobiletin (0.01% or 0.02%, w/w) containing feed, tangeretin (0.01% or 0.02%, w/w) containing feed, and HMF (0.01% or 0.02%, w/w) containing feed were used as prepared feeds. As a positive control, CE-2 was provided instead of the feed containing a test sample. Mouse tail vein blood (5 μL) was taken prior to administration of a positive control and after the administration (24, 48 and 72 h). The observation, excitation filter -absorbing filter (Nikon fluorescence block B-2A, Nikon, Ltd.) epi-equipped with a fluorescence microscope [power supply HB-10101AF, OPTIPHOT-2 lens (400 times), Nikon, Ltd.] was used. One thousand reticulocytes were observed per slide, and those including micronuclei were counted. The data were analyzed for significance using Student's t-test. The significance levels of the test were 5 and 1%.
